Pure synthetic nitropyrene compounds were subjected to a mutation test using Salmonella typhimurium TA 98 and TA 100 with and without S9 mix, a metabolic activation system. Dinitropyrenes were highly mutagenic. Among them, 1,8-dinitropyrene was the most potent mutagen, producing 940,000 revertants ofTA 98/,ug. 1,3,6-Trinitropyrene and 1,3,6,8-tetranitropyrene were also highly mutagenic, producing 708,000 and 221,000 revertants/,Lg, respectively. 1-Nitropyrene was weakly mutagenic. All nitropyrenes were more mutagenic towards TA 98 than TA 100, and all mutagenic activities were abolished by the presence of S9 mix. Di-and trinitropyrenes were demonstrated to be mutagenic to Chinese hamster lung cells without metabolic activation, by using diphtheria toxin resistancy as a marker. The range of mutagenic potential of nitropyrenes was much narrower with cultured mammalian cells than with Salmonella. 1-Nitropyrene was not mutagenic. 1,6-Dinitropyrene and 1-nitropyrene induced unscheduled DNA synthesis in epithelial cells of in vitro cultured human bronchi, as did diol-epoxides of benzo[a]pyrene, while benzo[a]pyrene itself was inert. 1-Nitropyrene and 3-nitrofluoranthene produced subcutaneous fibrosarcomas at the loci of injections in the backs of rats. Tumors were found in 47% and 40% of animals with total doses of 40 mg of 1-nitropyrene and 30 mg of 3-nitrofluoranthene, respectively. The biomedical significance of nitroarenes is discussed.
Introduction
Nitroarenes have been reported to show fairly strong mutagenicity in Salmonella typhimurium, and their mutagenic activities have been demonstrated without addition of the metabolic activation system, S9 mix. The specific mutagenic activities of some nitroarenes are very high, and these compounds have been named supermutagens (1) . Some nitroarenes are air pollutants (2) and are present in automobile exhausts (3) and carbon blacks (4) . Thus the biomedical impact, and especially the significance for human carcinogenesis, of these nitroarenes is 
Microbial Mutation Tests
The preincubation method (5), which is a minor modification of Ames' method (6), was used throughout the work reported here. The TA 98 and TA 100 strains of Salmonella typhimurium were used. S9 mix was prepared from the liver of rats that had been treated with PCB.
The chemicals used and their sources were as follows. The specific mutagenicities of these nitroarenes are shown in Tables 1 and 2 . All nitropyrenes except 1-nitropyrene showed very high specific mutagenic activities on the basis of unit weight and molar concentration. The mutagenicities of nitropyrenes were abolished almost completely by addition of S9 mix to the preincubation medium, as reported previously by Rosenkrantz et al. (1) and Tokiwa et al. (7) . Mononitroarenes other than 1-nitropyrene were also mutagenic without S9 mix, as shown in Table 2 . Of these compounds, 2-nitrotriphenylene and 3-nitrofluoranthene showed especially high specific mutagenic activities. 
Mutagenicity with Cultured Chinese Hamster Lung Cells
Induction of resistance to diphtheria toxin has been used in several laboratories (8, 9) as a marker of mutation of cultured mammalian cells. We also established a system to detect induction of resistance to diphtheria toxin using Chinese hamster lung cells (10) . Diphtheria toxin catalyzes ADPribosylation of a particular amino acid, diphthamide in elongation factor 2, with NAD as a donor of ADP-ribose. Diphthamide is formed by a posttranslational modification of histidine in the peptide chain of elongation factor 2. ADP-ribosylated elongation factor 2 does not show the catalytic property necessary for protein synthesis and this toxin eventually kills the cell. Mutant cells resistant to a high concentration of diphtheria toxin are resistant to ADP-ribosylation of elongation factor 2 by diphtheria toxin. Post-translational modification of histidine to diphthamide is probably blocked in these diphtheria toxin-resistant cells. In this system, an expression time of 7 days was optimal for various mutagens. Table 3 shows the mutagenic activities of1-nitropyrene, 1,3-dinitropyrene, 1,6-dinitropyrene, 1,8-dinitropyrene, 1,3,6-trinitropyrene and 1,3,6,8-tetranitropyrene observed in the absence of metabolic activation. 1,6-Dinitropyrene and 1,8-dinitropyrene were the most mutagenic, and 1-nitropyrene and 1,3,6,8-tetranitropyrene showed scarcely any mutagenicity. As shown in Figure 1 , there is no apparent correlation between the specific mutagenic potentials, expressed in equimolar terms, on Chinese hamster lung cells and Salmonella typhimurium TA 98. Tables 1 and 3 Table 5 . Histologically, most of the tumors were malignant fibrous histiocytomas. Some tumors were transplantable in the same strain of rats (11) . The carcinogenic potencies of chemicals cannot be determined from data on the effect of their subcutaneous injection at one dose level. However, considering the total dose injected, and the fact that the first tumor was found on the 162nd experimental day with 1-nitropyrene and the 277th day with 3-nitrofluoranthene, it may be concluded that these two compounds are not very potent carcinogens.
Quantitative Relation between Carcinogenic and Mutagenic Potencies
Most typical carcinogens have been shown to be mutagenic. Some, such as N-methyl-N'-nitro-Nnitrosoguanidine and N-nitroso-ethylurea, are direct acting chemicals, while others, such as 4-nitroquinoline 1-oxide and nitrofurylfurylacrylamide, are activated by enzymes present in most microbes and cultured mammalian cells. A third class of compounds, including benzo(a)pyrene and acetylaminofluorene, has to be metabolically activated by microsomal enzymes before conversion to ultimate forms.
Many compounds have been newly identified as mutagens by the Salmonella test. These include about 10 heterocycic amines isolated from pyrolysates of amino acids and proteins. Some of these have been shown to be carcinogenic (12, 13) . In early studies a fairly good overlap was found between bacterial mutagenicity and carcinogenicity (14) (15) (16) . It was once claimed that the mutagenic potency was also quantitatively correlated with the carcinogenic potency (17) . However, based on our findings, as shown in Figure 2 , the carcinogenic potency, A serious discrepancy between the results of short-term assay tests and carcinogenicity is seen in the case of the flavonoid, quercetin: the mutagenicity of quercetin is well established (18, 19) , but its carcinogenicity in vivo could not be demonstrated in mice (20) , rats (21) or hamsters (22) , and aEffective rats are those that survived beyond day 162, when the first tumor was found in a rat treated with 1-nitropyrene. 
General Comments
The carcinogenic process is divided into two steps, initiation and promotion. Mutagenicity may be closely related to initiation, but may not be directly related to promotion; mutagenicity may indicate a capacity to produce DNA damage. It was recently suggested that DNA damage that results in chromosomal structural change may be more relevant to the initiation step than that yielding point mutations. Little is known about the molecular mechanism of DNA damage caused by nitroarenes, and it is still unknown whether nitroarenes have the tumor promoting activity expected of most typical carcinogens.
Furthermore the nitroarenes present in automobile exhaust should be carefully analyzed, since it is known that automobile exhaust shows definite mutagenic activity and this may well be due to nitroarenes. The incidence of lung cancer has increased greatly in many industrialized countries. This could largely be due to cigarette smoking, but it is noteworthy that many cases of lung cancer can not be explained by active or passive smoking. The information available at present on the relation between data obtained in short-term tests and in long-term in vivo animal tests is not yet sufficient to warrant taking any regulatory measures, especially in the case of automobile exhaust and nitroarenes, but the etiological factors responsible for lung cancer should be studied in more detail.
